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(54) NONLINEAR OPTICAL CRYSTAL 

(57) There is provided a nonlinear optical crystal 
which is presented by the formula: K 2 AI 2 B 2 0 7 . This 
nonlinear optical crystal is a vacuum ultraviolet light 
generating nonlinear optical crystal which is easy to 
grow and of high practical use. There are also provided 
a wavelength conversion method using this crystal, and 
an element and a wavelength conversion apparatus for 
use in the method. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a nonlinear 
optical crystal. More specifically, the invention relates to 
a novel nonlinear optical crystal useful as a wavelength 
conversion crystal for generating vacuum ultraviolet 
light or the like, and a wavelength conversion method 
using the wavelength conversion crystal, as well as an 
element and a wavelength conversion apparatus for use 
in the method. 

BACKGROUND ART 

[0002] With the development of laser technology, it 
has become an importance subject to realize solid-state 
lasers having performance which allows for the applica- 
tions of laser technology. One such subject is to put into 
practice all solid-state vacuum ultraviolet laser light 
sources of shorter wavelength. 
[0003] To realize an all solid-state vacuum ultravio- 
let laser light source of short wavelength, there is a 
need for a nonlinear optical crystal which has a double 
refraction index of about 0.07 and an absorption edge 
which lies in the range of short wavelengths of 150-160 
nm. As prior art nonlinear optical crystals which satisfy 
these characteristics, the following ones have been 
known: 

Sr2Be 2 B 2 0 7 (SBBO), 
KBe 2 B0 3 F 2 (KBBF). 

[0004] These publicly known prior art SBBO and 
KBBF, however, have the large problem that both crys- 
tals are difficult to obtain, because they are extremely 
difficult to grow. 

SUMMARY OF THE INVENTION 

[0005] Therefore, the invention provides a nonlinear 
optical crystal. More specifically, the invention provides 
a novel nonlinear optical crystal for all solid-state gener- 
ation of vacuum ultraviolet light, which has the required 
characteristics and is easy to obtain through crystal 
growth instead of the prior art SBBO and KBBF, and a 
wavelength conversion method using such novel nonlin- 
ear optical crystal, as well as an element and a wave- 
length conversion apparatus for use in the method. 
[0006] To solve the above-described subject, the 
invention provides a nonlinear optical crystal repre- 
sented by K 2 AI 2 B 2 0 7 , and a wavelength conversion 
method using this nonlinear optical crystal, as well as 
an element and a wavelength conversion apparatus for 
use in the method. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The invention will become more readily 
appreciated and understood from the following detailed 
5 description of a preferred embodiment of the invention 
when taken in conjunction with the accompanying draw- 
ings, in which: 

Fig, 1 is a cross-sectional view of the construction 
jo of a growing furnace used in the embodiment; 

Fig. 2 is a view showing a result of X-ray diffraction 
of the structure of a KAB crystal according to the 
invention; and 

Ftg. 3 is a view showing another result of X-ray dif- 
15 fraction similar to that shown in Fig. 2. 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] An embodiment of the invention will be 
20 described below with reference to a nonlinear optical 
crystal represented by K 2 AI 2 B 2 0 7 (referred to simply as 
the KAB crystal) which is provided according to the 
invention. The KAB crystal has a structure in which K 
and Al are substituted for the respective Sr and Be sites 
25 of the publicly known SBBO crystal, i.e., Sr 2 Be2B 2 0 7 , 
although there is a difference in electric charge between 
both crystals. 

[0009] The KAB crystal of this invention has a dou- 
ble refraction index of about 0.07 which is a nature 

30 approximately equal to that of the publicly known SBBO 
crystal. Accordingly, the KAB crystal is expected to gen- 
erate vacuum ultraviolet light. The KAB crystal can eas- 
ily be grown by a method such as a flux method. 
[0010] The flux method is one kind of solution 

35 growth method, and is characterized by TSSG (Top 
Seeded Solution Growth), i.e., the process in which a 
seed crystal attached to a rotating shaft is immersed 
immediately below the surface of a solution to increase 
the degree of supersatu ration by means of a decrease 

40 in temperature, thereby growing a crystal. In addition, 
the flux method is characterized by melting a flux and a 
source material. 

[0011] Since the melting point of the KAB crystal is 
high, it is more preferable to grow the KAB crystal by the 

45 flux method (solution growth method) than by a melt 
method (melt growth method). 
[0012] In this flux method, the crystal growth can be 
made far easier by using a flux such as lead oxide, 
sodium fluoride (NaF), cesium fluoride (CsF), lead fluo- 

50 ride or potassium chloride. 

[0013] Accordingly, the KAB crystal of the invention 
is easy to grow and is superior in practical terms, and is 
extremely useful as a practical nonlinear optical crystal 
for generating vacuum ultraviolet light. 

55 [001 4] This crystal is actually utilized as an element 
for wavelength conversion or a wavelength conversion 
apparatus incorporated in this element. 
[001 5] Incidentally, it goes without saying that inevi- 
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table trace elements are allowed to be inevitably incor- 
porated into the composition ot the crystal of the 
invention by a growth process or a source material. 
[0016] This invention will be described below in fur- 
ther detail with reference to an example. 

EXAMPLE 

[0017] Source materials having the following com- 
positions were used to grow a crystal in the growing fur- 
nace shown in Fig. 1 by way of example: 

K 2 C0 3 (34 mol%), 
Al 2 0 3 (19mol%), 
B 2 0 3 (45 mol%), 
KCI (2 mol%). 

[0018] The growing furnace shown in Fig. 1 has a 
construction like a cylindrical resistance heating fur- 
nace. In this furnace, its heater is vertically divided into 
five layers each of which can be independently control- 
led. A temperature program setting device capable of 
controlling temperature in units of a minimum of 0.1 °C is 
used as a control part for the heater, and a quartz tube 
is disposed between the heater and a crucible so that a 
steep temperature gradient near the crucible is 
restrained. The crucible is made of platinum, and is 
arranged to move up and down by an elevating device 
lying at the bottom of the furnace, so that the crucible 
can be charged with a source material in a heated state. 
In addition, in order to correct a change in the tempera- 
ture of the solution surface, a solution surface heater is 
disposed to prevent a decrease in temperature due to 
evaporation near the solution surface, thereby providing 
a temperature distribution optimum for crystal growth. At 
a temperature of about 1,000°C, the source material 
was melted in the atmospheric air, and was then cooled 
to grow into a microcrystal. The rate of temperature 
decrease was 0.2-0.3 °C/day, and the speed of rotation 
was 30 rpm (the direction of rotation was reversed at 
intervals of 3 minutes). 

[0019] Through the above-described growth, a 
crystal of size about 3 mm was obtained. 
[0020] The result of an analysis using plasma emis- 
sion spectrometry (ICP) showed that this crystal had the 
composition of K2AI 2 B 2 0 7 . As is apparent from the 
result of four circle X-ray diffractometry shown in Figs. 2 
and 3, it was confirmed that the structure of the 
obtained crystal was similar to that of the SBBO crystal 
but K and Al were 100% substituted for its Sr and Be 
sites, respectively. 

[0021] In the evaluation of wavelength conversion 
characteristic (nonlinearity) of the crystal, when the 
crystal was illuminated with the fundamental light 
(wavelength 1 ,064 nm) of a Nd:YAG laser, the occur- 
rence of light of second harmonic (532 nm) was con- 
firmed. 

[0022] In addition, when the double refraction index 



of this crystal was measured by an oil immersion 
method, ft was confirmed that the value was 0.07 and 
was approximately equal to that of the SBBO crystal. 
[0023] It is to be noted that since the shortest SHG 

5 wavelength of the prior art KBBF crystal is 185 nm or 
less and that of the prior art SBBO crystal is 200 nm or 
less, the KAB crystal of this invention can be phase- 
matched to approximately 200 nm. The absorption 
edge, of the KAB crystal was 180 nm or less. 

10 [0024] In addition, the growth of the KAB crystal of 
this invention is far easy and far efficient compared to 
the case of SBBO and KBBF. 

[0025] Incidentally, the Vickers hardness of the 
grown KAB crystal was about 300, and from the result of 

75 a water resistance test using immersion at room tem- 
perature, it was confirmed that the KAB crrystal did not 
dissolve even after the passage of ten days or more. 
[0026] In accordance with the invention, there is 
provided a K 2 AI 2 B 2 07 (KAB) crystal as a vacuum ultra- 

20 violet light generating nonlinear optical crystal which is 
easy to grow and of high practical use, and a wave- 
length conversion method using this crystal, as well as 
an element and a wavelength conversion apparatus for 
use in the method. 

25 

Claims 

1. A nonlinear optical crystal represented by the for- 
mula: K 2 AI 2 B 2 0 7 . 

30 

2. A nonlinear optical crystal according to claim 1, 
which is solution growth by use of a flux. 

3. A nonlinear optical crystal according to claim 2, 
35 where the flux is at least one kind selected from 

among lead oxide, sodium fluoride, cesium fluoride, 
lead fluoride or potassium chloride. 

4. A wavelength conversion method of performing 
40 wavelength conversion by use of a nonlinear optical 

crystal according to any of claims 1 to 3. 

5. A wavelength conversion element having a con- 
struction made of a nonlinear optical crystal accord- 

45 ing to any of claims 1 to 3. 

6. A wavelength conversion apparatus having a con- 
struction in which a wavelength conversion element 
according to claim 5 is incorporated. 

50 
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